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(57) ABSTRACT

A ceramic glow plug equipped with a pressure sensor
including a ceramic heater, a holding device, a housing
sleeve, a housing, a movable member and a pressure sensor.
A heat-generating main portion P whose resistance is 75% of
the total resistance of the ceramic heater is located forward
of the forward end of the holding sleeve.
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CERAMIC GLOW PLUG EQUIPPED WITH
PRESSURE SENSOR

TECHNICAL FIELD

The present invention relates to a ceramic glow plug having
a ceramic heater for use in assisting combustion of a diesel
engine or performing a like operation, and more particularly
to a ceramic glow plug having a built-in pressure sensor
capable of measuring a combustion pressure of the engine.

BACKGROUND ART

Conventionally, there is known a ceramic glow plug having
a ceramic heater (hereinafter, may be referred to as a heater)
which uses electrically insulating ceramic as a substrate and
in which a resistance heat-generating element formed of a
resistor or electrically conductive ceramic is embedded in the
substrate or is provided on the outer surface (particularly, on
the outer surface of a portion located toward the forward end)
of the substrate. Even in use at such a high temperature that,
for example, the surface temperature of the forward end of the
heater becomes 1,350° C., in contrast to a metal glow plug
having a resistance wire coil, the ceramic glow plug has low
risk of occurrence of disconnection. Thus, conceivably, the
ceramic glow plug is used while heat is generated at a rela-
tively high temperature. Such a ceramic glow plug is config-
ured such that the heater is held, at its outer circumference, by
a tubular holding sleeve made of metal. The holding sleeve
holds the heater and also establishes electrical connection
through connection with an electrode lead-out portion of the
heater adapted to supply electricity to a resistance heat-gen-
erating element of the heater (refer to, for example, Patent
Document 1).

In recent years, emphasis has been placed on accurate
grasping of the condition of combustion in order to control
combustion with subtlety for the purpose of improving fuel
economy and cleaning exhaust gas. In order to utilize a glow
plug having a heater exposed to a combustion chamber for
observing variation in pressure in the combustion chamber,
there is provided a glow plug equipped with a pressure sensor
having a built-in combustion pressure sensor (refer to, for
example, Patent Document 2). In order to allow the heater
exposed to the combustion chamber to move rearward in
relation to a housing as a result of reception of combustion
pressure, such a glow plug equipped with a pressure sensor
has a movable member in the form of bellows or a diaphragm
which serves as a seal and elastically holds the heater for
allowing movement of the heater. The movable member is
configured to be able to establish airtightness in order to
prevent entry of combustion gas into the glow plug from the
combustion chamber. Furthermore, in order to allow relative
movement of the heater according to variation in combustion
pressure, the movable member is formed by bending a steel
sheet having a thickness of about 0.15 mm.

PRIOR ART DOCUMENTS

Patent Documents

Patent Document 1: Japanese Patent Application Laid-Open
(kokai) No. 2011-33318

Patent Document 2: Japanese Patent Application Laid-Open
(kokai) No. 2008-2809
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2
SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

Meanwhile, in the ceramic glow plug as described in Patent
Document 1, heat generated by the heater and a portion of
heat received from combustion gas are transferred from the
glow plug to an engine head. A path of the heat transfer (heat
transfer path) starts from the heater and extends to the engine
head via the holding sleeve and via the housing firmly con-
nected to the holding sleeve by welding, brazing, pressure-
fitting, etc.

However, in the glow plug equipped with a pressure sensor
as described in Patent Document 2, as mentioned above, the
heater and the housing are connected by the relatively thin
movable member such as bellows, a diaphragm, or the like.
Since the movable member transfers a relatively small quan-
tity of heat, the heat transfer path which extends, via the
movable member, to the housing and then to the engine head
is extremely limited in heat transfer as compared with the
ceramic glow plug as described in Patent Document 1. As a
result, a joint part between the movable member and a portion
to which the movable member is attached is susceptible to
heat, potentially resulting in a deterioration in joining
strength therebetween.

The present invention has been conceived in view of such
actual situation, and an object of the invention is to provide a
ceramic glow plug equipped with a pressure sensor config-
ured such that, despite employment of a movable member
transferring a small quantity of heat, deterioration in joining
strength at a joint part between the movable member and a
portion to which the movable member is attached is avoided,
and good heat generation can be maintained over a long
period of time.

Means for Solving the Problem

To achieve the above object, the present invention provides
a glow plug equipped with a pressure sensor comprising:

a ceramic heater extending in an axial direction and having
a columnar substrate formed of electrically insulating
ceramic, a resistance heat-generating element integrated with
the substrate and performing resistance heat generation
through application of electricity thereto, and an electrode
lead-out portion electrically connected to the resistance heat-
generating element and formed at a rear end portion of the
resistance heat-generating element in such a manner as to be
exposed at an outer surface of the substrate;

a holding sleeve made of metal, connected directly or indi-
rectly to the electrode lead-out portion, and holding the
ceramic heater while allowing a forward portion of the
ceramic heater to protrude therefrom;

a housing having a tubular form and accommodating
therein the ceramic heater and the holding sleeve;

a movable member formed of a metal sheet, joined to the
holding sleeve and the housing to airtightly separate a for-
ward side and a rear side thereof, and being elastically
deformable in response to combustion pressure; and

a pressure sensor disposed rearward of the ceramic heater,
the holding sleeve, and the movable member and in the inte-
rior of the housing and adapted to detect pressure applied
thereto;

the glow plug being characterized in that a heat-generating
main portion is located forward of the holding sleeve, where
the heat-generating main portion is a forward end portion of
the ceramic heater which encompasses a forward end of the
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ceramic heater and whose resistance accounts for 75% of a
total resistance of the ceramic heater.

Regarding connection between the electrode lead-out por-
tion and the holding sleeve, the expression “connected
directly or indirectly” means an electrically conductive con-
dition established through direct contact by press fit or any of
various kinds of fitting, or an electrically conductively con-
nected condition established through a thin metal film or a
brazing material. Therefore, the expression does not mean,
for example, an electrically connected condition established
by connection to an electric lead connected.

The “heat-generating main portion” is a portion of the
ceramic heater whose resistance accounts for 75% of'the total
resistance of an electrically conductive path in the ceramic
heater. The resistance of the heat-generating main portion is
measured by the following method. When the ceramic heater
is at room temperature, an electric resistor is brought in con-
tact with the electrode lead-out portion of the ceramic heater
to measure resistance of the electrically conductive path (cor-
responding to the total resistance of the electrically conduc-
tive path in the ceramic heater). Subsequently, the ceramic
heater is cut in a direction perpendicular to the longitudinal
direction; then, the electric resistor is brought into contact
with the electrically conductive path exposed from a cut sur-
face to measure resistance of the electrically conductive path
(hereinafter, referred to as partial resistance). Then, the per-
centage of a partial resistance to the total resistance is calcu-
lated. A portion of the ceramic heater located forward of a
position where the calculated value is 75% is defined as the
heat-generating main portion.

In addition to the above configuration, according to a
ceramic glow plug equipped with a pressure sensor of claim 2,
preferably, a joint part between the holding member and the
movable member is located in the interior of the metallic
shell.

In addition to the above configuration, according to a
ceramic glow plug equipped with a pressure sensor of claim 3,
preferably, the heat-generating resistor in the heat-generating
main portion has a specific resistance which is 90% to 110%
of that of the heat-generating resistor in a portion other than
the heat-generating main portion, and the heat-generating
resistor in the heat-generating main portion is smaller in
cross-sectional area than the heat-generating resistor in a
portion other than the heat-generating main portion.

The cross-sectional area of the heat-generating resistor in
the heat-generating main portion and the cross-sectional area
of the heat-generating resistor in a rear portion indicate the
areas of the heat-generating resistors exposed at cut surfaces
of the heat-generating main portion and the rear portion,
respectively, which are cut in a direction perpendicular to the
longitudinal direction. Also, the specific resistance of the
heat-generating resistor in the heat-generating main portion is
a value obtained by dividing the resistance of the heat-gener-
ating resistor disposed in the heat-generating main portion by
the volume of the heat-generating resistor disposed in the
heat-generating main portion. The specific resistance of the
heat-generating resistor in the rear portion is a value obtained
by dividing the resistance of the heat-generating resistor dis-
posed in the rear portion by the volume of the heat-generating
resistor disposed in the rear portion.

In addition to the above configuration, according to a
ceramic glow plug equipped with a pressure sensor of claim 4,
preferably, the cross-sectional area of the heat-generating
resistor in the heat-generating main portion is 90%to 110% of
the cross-sectional area of the heat-generating resistor in a
portion other than the heat-generating main portion, and the
heat-generating resistor in the heat-generating main portion is

10

15

20

25

30

35

40

45

50

55

60

65

4

greater in specific resistance than the heat-generating resistor
in a portion other than the heat-generating main portion.

In addition to the above configuration, according to a
ceramic glow plug equipped with a pressure sensor of claim 5,
preferably, the heat-generating main portion is shorter in axial
length than a heat-generating sub portion, where the heat-
generating sub portion is a portion of the resistor extending
further rearward from a rear end of the heat-generating main
portion, and the sum of the resistance of the heat-generating
sub portion and the resistance of the heat-generating main
portion is 80% of the total resistance, and the joint part
between the holding sleeve and the movable member is
located rearward of the heat-generating sub portion.

The “heat-generating sub portion” is a portion whose resis-
tance plus the resistance of the heat-generating main portion
accounts for 80% of the total resistance. When the ceramic
heater is at room temperature, an electric resistor is brought in
contact with the electrode lead-out portion of the ceramic
heater to measure resistance of the electrically conductive
path (corresponding to the total resistance of the electrically
conductive path in the ceramic heater). Subsequently, the
ceramic heater is cut in a direction perpendicular to the lon-
gitudinal direction; then, the electric resistor is brought into
contact with the electrically conductive path exposed from a
cut surface to measure resistance of the electrically conduc-
tive path (hereinafter, referred to as partial resistance). Then,
the percentage of a partial resistance to the total resistance is
calculated. A portion where the calculated value is 75% to
80% is defined as the heat-generating sub portion.

In addition to the above configuration, according to a
ceramic glow plug equipped with a pressure sensor of claim 6,
preferably, the electrically insulating ceramic or the resis-
tance heat-generating element has a thermal conductivity of
15 W/m® C. or more at 1,350° C., and

an axially shortest distance from a forward end of the
heat-generating main portion to the joint part between the
holding sleeve and the movable member is 24 mm or more.

Effects of the Invention

In the present invention, the heat-generating main portion
whose resistance accounts for 75% of the total resistance of
the electrically conductive path in the ceramic heater and
which encompasses the forward end of the ceramic heater is
located forward of the holding sleeve. That is, the heat-gen-
erating main portion is intensively formed at a forward end
portion of the ceramic heater and can generate heat efficiently
at relatively high temperature. Furthermore, since the heat-
generating main portion is disposed forward of the holding
sleeve, heat propagating rearward from the heat-generating
main portion can be radiated from the ceramic heater to an
engine head and a plughole in the course of propagation to the
joint part between the holding sleeve and the movable mem-
ber. Thus, the influence of heat on the joint part between the
holding sleeve and the movable member can be reduced,
whereby deterioration in joining strength can be restrained.
As a result, there can be restrained damage to the ability to
function as a pressure sensor resulting from deterioration in
airtightness with respect to combustion gas.

According to the ceramic glow plug equipped with a pres-
sure sensor of claim 2, while the heat-generating main portion
is disposed forward of the holding sleeve, the joint part is
disposed in the interior of the metallic shell, whereby the
longitudinal distance between the heat-generating main por-
tion and the joint part is increased, and the metallic shell
surrounds a portion of the ceramic heater located between the
heat-generating main portion and the joint part; thus, heat
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propagating rearward from the heat-generating main portion
can be further radiated from the ceramic heater to the engine
head and the plug hole in the course of propagation to the joint
part. Thus, the influence of heat on the joint part between the
holding sleeve and the movable member can be further
reduced, whereby deterioration in joining strength can be
further restrained. As a result, there can be restrained damage
to the ability to function as a pressure sensor resulting from
deterioration in airtightness with respect to combustion gas.

According to the ceramic glow plug equipped with a pres-
sure sensor of claim 3, while the heat-generating resistor in
the heat-generating main portion and the heat-generating
resistor in a portion (hereinafter, referred to as a rear portion)
other than the heat-generating main portion have substan-
tially uniform specific resistance, the heat-generating resistor
in the heat-generating main portion is smaller in cross-sec-
tional area than the heat-generating resistor in the rear por-
tion, whereby the heat-generating main portion whose resis-
tance accounts for 75% of the total resistance of the
electrically conductive path in the ceramic heater can be
positioned forward of the holding sleeve.

According to the ceramic glow plug equipped with a pres-
sure sensor of claim 4, while the heat-generating resistor in
the heat-generating main portion and the heat-generating
resistor in a portion (hereinafter, referred to as a rear portion)
other than the heat-generating main portion have substan-
tially uniform cross-sectional area, the heat-generating resis-
tor in the heat-generating main portion is greater in specific
resistance than the heat-generating resistor in the rear portion,
whereby the heat-generating main portion whose resistance
accounts for 75% of the total resistance of the electrically
conductive path in the ceramic heater can be positioned for-
ward of the holding sleeve.

According to the ceramic glow plug equipped with a pres-
sure sensor of claim 5, the heat-generating sub portion is
provided such that resistance thereof plus resistance of the
heat-generating main portion accounts for 80% of the total
resistance of the electrically conductive path in the ceramic
heater, and the heat-generating sub portion is longer in axial
length than the heat-generating main portion. Therefore, heat
propagating rearward from the heat-generating main portion
can be radiated from the heat-generating sub portion to the
engine head and the plug hole in the course of propagation via
the heat-generating sub portion. As aresult, the rear portion of
the ceramic heater can be lower in temperature than the heat-
generating sub portion of the ceramic heater. On the premise
of such a configuration, the joint part between the movable
member and the holding sleeve, which radially holds the
ceramic heater, is positioned rearward of the heat-generating
sub portion. Thus, the influence of heat on the joint part
between the holding sleeve and the movable member can be
reduced, whereby deterioration in joining strength can be
restrained. As a result, there can be restrained damage to the
ability to function as a pressure sensor resulting from dete-
rioration in airtightness with respect to combustion gas.

According to the ceramic glow plug equipped with a pres-
sure sensor of claim 6, the electrically insulating ceramic used
to form the substrate, or the resistance heat-generating ele-
ment has a thermal conductivity of 15 W/m® C. or more at
1,350° C.; thus, there is facilitated propagation of heat from a
forward end portion (specifically, the heat-generating main
portion) of the ceramic heater to a rear end portion (a portion
corresponding to the joint part) of the ceramic heater; how-
ever, since the axially shortest distance from the forward end
of the heat-generating main portion to the joint part is 24 mm
or more, the heat-generating sub portion can have a relatively
long axial length. Therefore, heat propagating rearward from
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the heat-generating main portion can be effectively radiated
to the engine head and the plug hole in the course of propa-
gation via the heat-generating sub portion. As a result, a
portion of the ceramic heater located rearward of the heat-
generating sub portion can be further reduced in temperature,
whereby there can be further restrained deterioration in join-
ing strength at the joint part between the holding sleeve and
the movable member. In the case of'a longitudinally elongated
joint part, the axially shortest distance is a distance between
the forward end of the joint part and the forward end of the
heat-generating main portion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 Longitudinal sectional view of a glow plug
equipped with a pressure sensor according to an embodiment
(first embodiment) of the present invention and enlarged
views of forward and rearward end portions of the glow plug.

FIG. 2 Enlarged view of region B of the rear end portion of
the glow plug equipped with a pressure sensor shown in FI1G.

FIG. 3 Enlarged view of region C of the forward end
portion of the glow plug equipped with a pressure sensor
shown in FIG. 1.

FIG. 4 Longitudinal sectional view of a glow plug
equipped with a pressure sensor according to an embodiment
(second embodiment) of the present invention and enlarged
views of forward and rearward end portions of the glow plug.

FIG. 5 Enlarged view of region D of the forward end
portion of the glow plug equipped with a pressure sensor
shown in FIG. 4.

FIG. 6 Enlarged view of a forward end portion of a glow
plug equipped with a pressure sensor according to an embodi-
ment (third embodiment) of the present invention.

FIG. 7 Enlarged view (corresponding to FIG. 3) of a glow
plug equipped with a pressure sensor of a comparative
example.

MODES FOR CARRYING OUT THE INVENTION

A glow plug equipped with a pressure sensor according to
a first embodiment of the present invention will next be
described with reference to FIG. 1. A glow plug 101 of the
present embodiment includes a substantially cylindrical
housing 40 made of metal, a ceramic heater 10 which is
located on the inside of the housing 40 and whose forward end
(alower end in FIG. 1) 104 protrudes from a forward end 53
of'a forward end housing 50, a center shatt 30 disposed within
the housing 40 in such a manner as to extend rearward from
the rear end of the ceramic heater 10 and adapted to apply
voltage, and a distortion member 210 provided between the
outer circumferential surface of a rear end portion of the
center shaft 30 and the inner circumferential surface of the
housing 40 and partially constituting a combustion pressure
sensor.

In the present embodiment, the housing 40 includes a sub-
stantially cylindrical housing body 41 formed of, for
example, SUS303, and the forward end housing 50 fitted and
welded to a forward end of the housing body 41 in a coaxially
butted condition. The ceramic heater 10 has a circular colum-
nar form and is disposed coaxially with an axial line G of the
forward end housing 50 such that the forward end 10a pro-
trudes from the forward end 53 of the forward end housing 50.
The ceramic heater 10 has a resistance heat-generating ele-
ment (electrically conductive ceramic) 12 which is disposed
in a ceramic substrate 11 (corresponding to a substrate
appearing in claims) in such a manner as to be folded
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(U-shaped) at the forward end 10a and which has electrode
lead-out portions 16 and 17 adapted to apply electricity and
exposed at the side surface of a rear end portion of the ceramic
heater 10. A holding sleeve 15 made of metal such as SUS630
is externally press-fitted to an intermediate portion of the
ceramic heater 10 and is electrically connected, at the inner
circumferential surface of its rear end portion, to the ground-
ing electrode lead-out portion 16 located relatively forward.
Bellows 18 (corresponding to a movable member appearing
in claims) formed of a heat resisting Ni alloy such as
INCONEL (registered trademark of INCO Corp.) is exter-
nally fitted to the holding sleeve 15 in a loose fit condition.
The bellows 18 is of, for example, a membrane having a
thickness of 0.07 mm; its rear end portion is welded, in a
sealing condition, to the inner circumferential surface of a
forward end portion of the forward end housing 50; and its
forward end portion is welded, in a sealing condition, to the
outer circumferential surface of the holding sleeve 15. The
bellows 18 allows a forward-rearward movement (displace-
ment) of the heater 10 in relation to the housing 40, serves as
a junctional electrically conductive member between the
housing 40 and the grounding electrode lead-out portion 16 of
the heater 10, holds the heater 10 within the housing 40, and
seals the interior of a forward end portion of the housing 40.
The ceramic heater 10 and the bellows 18 will be described in
detail later.

The center shaft 30 for application of voltage is coaxially
disposed on the rear end of the ceramic heater 10 and is
disposed coaxially with the housing 40 in such a manner as to
extend rearward while holding electrical insulation (air insu-
lation in the present embodiment) within the housing 40. A
connection pipe 19 of metal is externally fitted to a rear end
portion of the ceramic heater 10 and to a forward end portion
of'the center shaft 30 by press fit or the like, and the electrode
lead-out portion (positive-potential terminal) 17 located at a
relatively rear position of the ceramic heater 10 maintains its
electrical continuity through the inner circumferential surface
of'the connection pipe 19 and is thus electrically connected to
the center shaft 30. That is, the connection pipe 19 unites the
ceramic heater 10 and the center shaft 30 and ensures electri-
cal continuity therebetween.

In the present embodiment, the housing 40 includes the
housing body 41 and the forward end housing 50 and has a
thread 43 formed in a predetermined length on the outer
circumferential surface of the housing body 41 for thread-
ingly fix the glow plug into a plug hole of an unillustrated
engine head. A rear end portion of the housing body 41
assumes the form of an diameter-expanded tubular portion 45
which is expanded in diameter so as to have a relatively large
diameter over a predetermined range extending forward from
the rear end of the housing body 41, and a sealing protection
tube (cap); i.e., a rear end housing 60 having the form of a
different-diameter cylinder whose rear end portion is rela-
tively small in diameter, is attached to the rear end of the
diameter-expanded tubular portion 45 while the distortion
member 210 for a sensor, which will be described later, is
nipped at its outer circumferential portion therebetween. The
distortion member 210 has an annular form (or a cylindrical
form) as a whole and is fixed, at its inner circumferential
portion, to a rear end portion of the center shaft 30 via an
electrically insulating ring 260, which will be described in
detail later.

In the present embodiment, the center shaft 30 is formed
partially thick at a portion located toward its forward end and
at a portion located toward its rear end. The rear end of the
center shaft 30 protrudes rearward from the rear end of the
housing body 41 and is positioned in a forward end portion of
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a large-diameter tubular portion 63 of the rear end sealing
protection tube (rear end housing) 60. The center shaft 30 has,
at its rear end portion, a taper diameter-reduced portion 33
whose diameter is reduced coaxially in a tapered manner
toward its rear end from a position corresponding to a forward
end portion of the diameter-expanded tubular portion 45 of
the housing body 41, and a parallel diameter-reduced shaft
portion 34 whose diameter is further reduced coaxially at the
rear end of the taper diameter-reduced portion 33 and which
serves as an electrically insulating ring fitting shaft portion.
The center shaft 30 further has a small-diameter shaft portion
35 which is located rearward of the parallel diameter-reduced
shaft portion (electrically insulating ring fitting shaft portion)
34 and is concentric with and smaller in diameter than the
parallel diameter-reduced shaft portion 34. A terminal metal
member 75 having a plug terminal 73 protruding rearward
into an ambient atmosphere is connected, by welding, to a
rear end portion of the center shaft 30; i.e., to a rear end
portion of the small-diameter shaft portion 35, via a terminal
spring 71 which allows displacement in the forward-rearward
direction within the rear end sealing protection tube 60. A seal
member 69 formed of, for example, rubber is fitted into a rear
end small-diameter portion 65 of the rear end sealing protec-
tion tube 60.

Next will be described a structure, among others, in which
the distortion member 210, which partially constitutes a sen-
sor for detection of pressure, and the center shaft 30 are fixed
together via the electrically insulating ring 260. The distor-
tion member 210 is disposed at the rear end of the housing
body 41 in such a manner as to block, with respect to the
forward-rearward direction, an annular space between the
inside of a rear end portion of the housing body 41 and the
outer circumferential portion of a rear end portion of the
center shaft 30, and has an annular form (cylindrical form) as
a whole. The distortion member 210 is provided so as to be
deformed simultaneously with reception of a forward-rear-
ward movement of the ceramic heater 10 by the center shaft
30. Specifically, the distortion member 210 has an annular
thick portion 212q at its outer circumference; the annular
thick portion 212a is fitted, in a butting condition, to the rear
end of the diameter-expanded tubular portion 45 and to the
forward end of the sealing protection tube (rear end housing)
60 located rearward of the diameter-expanded tubular portion
45 while being sandwiched between the rear end and the
forward end; and each of the butt portions is fixed through
laser welding performed along the circumferential direction
from outside.

Meanwhile, the distortion member 210 has an outer tubular
portion 212 extending rearward (upward in FIG. 2) at the
inside of the annular thick portion 212a formed at the outer
circumference, and an annular membrane portion (annular
diaphragm portion) 215 located at the inside the rear end of
the outer tubular portion 212. The distortion member 210
further has an inner tubular portion 211 extending forward at
the inside (on a side toward the inner circumference) of the
annular membrane portion 215. The inner tubular portion 211
extends forward beyond the position of the annular thick
portion 2124 formed at the outer circumference, and the outer
circumferential surface of the inner tubular portion 211 is
reduced in diameter at a forward end portion 211a such that
the forward end portion 211qa has a relatively small outside
diameter, whereby the forward end portion 211« is relatively
thin-walled.

Furthermore, an appropriate number of strain sensors (cor-
responding to a pressure sensor appearing in claims) are
attached to, for example, a rearward-oriented surface of the
annular membrane portion (annular diaphragm portion) 215
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of the distortion member 210, and the strain sensors 220
detect, viaadevice including an unillustrated circuit, strain on
the basis of deformation of the distortion member 210 which
is deformed upon reception of a forward-rearward movement
of the shaft member 30, and output an electric signal accord-
ing to the detected strain through unillustrated output lead-out
electric wires. Thus, the glow plug 101 ofthe present embodi-
ment is configured as follows: the heater 10 and the shaft
member 30 unitarily move forward or rearward in the direc-
tion of the axial line G in response to combustion pressure and
thereby deform the distortion member 210, and combustion
pressure is detected from the deformation of the distortion
member 210 by use of the strain sensors 220.

Next will be described the ceramic heater 10 and the bel-
lows 18, which are essential members of the present inven-
tion.

FIG. 3 is an enlarged view of region C shown in FIG. 1;
however, for convenience of description, the forward end
housing 50 is omitted.

In the present embodiment, the ceramic heater 10 is con-
figured such that the resistance heat-generating element 12
formed of an electrically conductive ceramic of tungsten car-
bide is disposed in a shape resembling the letter U in the
ceramic substrate 11 formed of silicon nitride. Material for
the ceramic substrate 11 is not limited to silicon nitride;
instead, alumina, sialon, etc., can be used. Also, electrically
conductive ceramic used to form the resistance heat-generat-
ing element 12 is not limited to tungsten carbide; instead,
molybdenum disilicide, tungsten disilicide, etc., can be used.
As mentioned above, the resistance heat-generating element
12 has a shape resembling the letter U, and its forward end
portion which includes a fold at the forward end (lower end in
FIG. 3) corresponding to a bottom portion of the letter U is a
small-diameter line portion 101 having a circular cross sec-
tion of; for example, 0.5 mm. The resistance heat-generating
element 12 further has a pair of taper portions 102 whose
face-to-face insides are tapered so as to be connected to the
small-diameter line portion 101 and in such a manner as to
increase rearward in thickness, and a pair of large-diameter
line portions 103 connected to the taper portions. The large-
diameter line portions 103 are disposed in parallel with each
other, are rectilinear, and have the same cross section; for
example, a circular cross section (or an elliptic cross section)
having a diameter of 0.9 mm. As shown in FIG. 1, the large-
diameter line portions 103 have the electrode lead-out por-
tions 16 and 17, respectively, having, for example, a circular
columnar shape and formed in a protruding manner.

In consideration of disposing a forward end portion of the
ceramic heater 10 in a combustion chamber of an engine for
heating the combustion chamber, the ceramic heater 10 is
configured such that its forward end portion intensively gen-
erates heat at high temperature. Specifically, as shown in FIG.
3, a heat-generating main portion P1 whose resistance (e.g.,
300 mQ) is 75% of the total resistance (e.g., 400 mQ) of the
ceramic heater 10 is intensively disposed at a forward end
portion of the ceramic heater 10 (e.g., when the entire ceramic
heater 10 is divided into three equal portions from its forward
end, the heat-generating main portion P1 is disposed within
the forwardmost portion among the three portions). As a
result, the heat-generating main portion P1 can be positioned
forward of the forward end of the holding sleeve 15. Thus, a
forward end portion of the ceramic heater 10 can efficiently
and intensively generate heat at high temperature.

A specific method of disposing the heat-generating main
portion P1 intensively at a forward end portion is as follows:
as mentioned above, the resistance heat-generating element
12 is formed only of electrically conductive ceramic of tung-
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sten carbide, and the resistance heat-generating element 12 is
provided with the small-diameter line portion 101 smaller in
cross-sectional area than the large-diameter line portions 103,
whereby the resistance of a forward end portion of the
ceramic heater 10 is further increased.

Furthermore, a heat-generating sub portion P2 is provided
in such a manner as to be connected to the heat-generating
main portion P1. The heat-generating sub portion P2 is a
portion whose resistance plus resistance of the heat-generat-
ing main portion P1 is 80% (e.g., 320 m£2) of the total resis-
tance of the ceramic heater 10. That is, the heat-generating
portion P2 is a portion whose resistance is 5% of the total
resistance of the ceramic heater 10. By means of the resis-
tance heat-generating element 12 having the large-diameter
line portions 103 as mentioned above, the heat-generating sub
portion P2 can be a portion whose resistance is 5% ofthe total
resistance of the ceramic heater 10. A rear portion of the
heat-generating sub portion P2 is disposed in the interior of
the holding sleeve 15.

As shown in FIG. 3, the axial length of the heat-generating
sub portion P2 is rendered longer than the axial length of the
heat-generating main portion P1. In the present embodiment,
the axial length of the heat-generating main portion P1 is 7.5
mm, and the axial length of the heat-generating sub portion
P2 is 12.5 mm. By means of the axial length of the heat-
generating sub portion P2 being longer than the axial length
of the heat-generating main portion P1, in the course of rear-
ward propagation of heat from the heat-generating main por-
tion P1 via the heat-generating sub portion P2, heat can be
further radiated from the ceramic heater 10 to an engine head
and to a plug hole. As a result, a portion of the ceramic heater
10 located rearward of the heat-generating sub portion P2 can
have relatively low temperature.

Furthermore, as mentioned above, the holding sleeve 15 is
externally press-fitted to an intermediate portion of the
ceramic heater 10, and the bellows 18 made of metal is
welded to the holding sleeve 15. Incidentally, since the bel-
lows 18 is of, for example, a membrane having a thickness of
0.07 mm, the quantity of heat transferred through the bellows
18 is relatively small. Thus, the heat transfer path which
extends from the ceramic heater 10, via the bellows 18, to the
forward end housing 50 and then to the engine head is
extremely limited in heat transfer as compared with a glow
plug having a conventional structure, potentially resulting in
adverse effect on joining strength at a joint part 110. By
contrast, in the present embodiment, the joint part 110
between the holding sleeve 15 and the bellows 18 is posi-
tioned rearward of the heat-generating sub portion P2. Thus,
the influence of heat on the joint part 110 between the holding
sleeve 15 and the bellows 18 can be reduced, whereby dete-
rioration in joining strength at the joint part 110 can be
restrained. As a result, there can be restrained damage to the
ability to function as a pressure sensor resulting from dete-
rioration in airtightness with respect to combustion gas.

Also, in the present embodiment, the joint part 110 is
positioned in the interior of the housing 40 (see FIG. 1). In this
manner, while the heat-generating main portion P1 is dis-
posed forward of the holding sleeve 15, the joint part 110 is
positioned in the interior of the housing 40, whereby the
longitudinal distance between the heat-generating main por-
tion P1 and the joint part 110 is increased, and the metallic
shell surrounds a portion of the ceramic heater located
between the heat-generating main portion and the joint part;
thus, heat propagating rearward from the heat-generating
main portion P1 can be further radiated from the ceramic
heater 10 to the engine head and the plug hole in the course of
propagation to the joint part 110. Thus, the influence of heat
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on the joint part 110 between the holding sleeve 15 and the
bellows 18 can be further reduced, whereby deterioration in
joining strength can be further restrained. As a result, there
can be restrained damage to the ability to function as a pres-
sure sensor resulting from deterioration in airtightness with
respect to combustion gas.

Furthermore, in the present embodiment, silicon nitride
used to form the ceramic substrate 11 has a thermal conduc-
tivity of 17 W/m®° C. at 1,350° C., and tungsten carbide used
to form the resistance heat-generating element 12 has a ther-
mal conductivity 0f22.5 W/m® C. at 1,350° C. In this manner,
if the ceramic substrate 11 or the resistance heat-generating
element 12 has a thermal conductivity of 15 W/m®° C. or more
at 1,350° C., there is relatively facilitated propagation of heat
from the heat-generating main portion P1 of the ceramic
heater 10 to a rear portion where the joint part 110 is provided.
In this connection, in the present embodiment, a distance T1
from the forward end of the heat-generating main portion P1
(i.e., the forward end of the ceramic heater 10) to the joint part
110 is 24 mm. Since the axial distance from the forward end
of the heat-generating main portion P1 to the joint part 110 is
24 mm or more, the heat-generating sub portion P2 can have
a relatively long axial length. Therefore, heat propagating
rearward from the heat-generating main portion P1 can be
effectively radiated to the engine head and the plug hole in the
course of propagation via the heat-generating sub portion P2.
As a result, the joint part 110 located rearward of the heat-
generating sub portion P2 of the ceramic heater 10 can be
further reduced in temperature, whereby deterioration in join-
ing strength at the joint part 110 can be further restrained.
Notably, the longer the axial distance from the forward end of
the heat-generating main portion P1 to the joint part 110, the
more the axial length of the heat-generating sub portion P2
can be increased, whereby heat can be more effectively radi-
ated; however, when the axial distance from the forward end
of the heat-generating main portion P1 to the joint part 110
exceeds 40 mm, the temperature raising performance of the
glow plug 101 drops; therefore, an axial distance of 40 mm or
less is preferred.

Next, a glow plug equipped with a pressure sensor accord-
ing to a second embodiment of the present invention will next
be described with reference to FIGS. 4 and 5. A glow plug 301
of the present embodiment includes a substantially cylindri-
cal housing 340 made of metal, a ceramic heater 410 which is
located on the inside of the housing 340 and whose forward
end (alower end in FIG. 4) 410a protrudes from a forward end
343 of a forward end housing 342, a center shaft 330 disposed
within the housing 340 in such a manner as to extend rearward
from the rear end of the ceramic heater 410 and adapted to
apply voltage, a pressure transmission tube 360 provided
around the center shaft 330, and a distortion member 350
provided between the outer circumferential surface of a rear
end portion of the pressure transmission tube 360 and the
inner circumferential surface of the housing 340 and partially
constituting a combustion pressure sensor.

In the present embodiment, the housing 340 includes a
substantially cylindrical housing body 341 formed of, for
example, SUS303, the forward end housing 342 fitted and
welded to a forward end of the housing body 341 in a coaxi-
ally butted condition, and an intermediate housing 344 exter-
nally fitted and welded to a rear end portion of the housing
body 341. The ceramic heater 410 has a circular columnar
form and is disposed coaxially with the axial line G of the
forward end housing 342 such that the forward end 410a
protrudes from the forward end 343 of the forward end hous-
ing 342. As shown in FIG. 5, the ceramic heater 410 has a
resistance heat-generating element (electrically conductive
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ceramic) 412 which is disposed in a ceramic substrate 411
(corresponding to a substrate appearing in claims) in such a
manner as to be folded (U-shaped) at the forward end 410a
and which has electrode lead-out portions 416 and 417
adapted to apply electricity and exposed at the side surface of
arear end portion of the ceramic heater 410. A holding sleeve
315 made of metal such as SUS630 is externally press-fitted
to an intermediate portion of the ceramic heater 410 and is
electrically connected, at the inner circumferential surface of
its rear end portion, to the grounding electrode lead-out por-
tion 416 located relatively forward. A metal elastic membrane
(membrane) 418 (corresponding to a movable member
appearing in claims) formed of a heat resisting Ni alloy such
as stainless steel or INCONEL (registered trademark of
INCO Corp.) is externally fitted to the holding sleeve 315 in
aloose fit condition. The metal elastic membrane 418 is a thin
sheet having a thickness of 0.3 mm; its rear end portion is
welded, in a sealing condition, to the inner circumferential
surface of a forward end portion of the forward end housing
342; and its forward end portion is welded, in a sealing
condition, to the outer circumferential surface of the holding
sleeve 515. The metal elastic membrane 418 allows a for-
ward-rearward movement (displacement) of the heater 410 in
relation to the housing 340, serves as a junctional electrically
conductive member between the housing 340 and the ground-
ing electrode lead-out portion 416, holds the heater 410
within the housing 340, and seals the interior of a forward end
portion of the housing 340. The ceramic heater 410 and the
metal elastic membrane 418 will be described in detail later.

The center shaft 330 for application of voltage is coaxially
disposed on the rear end of the ceramic heater 410 and is
disposed coaxially with the housing 340 in such a manner as
to extend rearward with electrical insulation (air insulation in
the present embodiment) being held within the housing 340.
A connection pipe 319 of metal is externally fitted to a rear
end portion of the ceramic heater 410 and to a forward end
portion of the center shaft 330 by press fit or the like, and the
electrode lead-out portion (positive-potential terminal) 417
located at a relatively rear position of the ceramic heater 410
maintains its electrical continuity through the inner circum-
ferential surface of the connection pipe 319 and is thus elec-
trically connected to the center shaft 330. That is, the connec-
tion pipe 319 unites the ceramic heater 410 and the center
shaft 330 and ensures electrical continuity therebetween.

In the present embodiment, the housing 340 includes the
housing body 341 and the forward end housing 342 and has a
thread 346 formed in a predetermined length on the outer
circumferential surface of the housing body 341 for thread-
ingly fix the glow plug into a plug hole of an unillustrated
engine head. The substantially cylindrical intermediate hous-
ing 344 is externally fitted to a rear end portion of the housing
body 341; furthermore, a sealing protection tube (cap); i.e., a
rear end housing 345 having the form of a different-diameter
cylinder whose rear end portion is relatively small in diam-
eter, is attached to the rear end of the intermediate housing
344 while the distortion member 350 for a sensor, which will
be described later, is nipped at its outer circumferential por-
tion therebetween. The distortion member 350 has an annular
form (or a cylindrical form) as a whole and is fixed, at its inner
circumferential portion, to the pressure transmission tube
360, which will be described in detail later.

In the present embodiment, the rear end of the center shaft
330 protrudes rearward from the rear end of the housing body
341 and is positioned in a forward end portion of a large-
diameter tubular portion 363 of the rear end sealing protection
tube (rear end housing) 345. A terminal metal member 375
having a plug terminal 373 protruding rearward into an ambi-



US 9,422,913 B2

13

ent atmosphere is connected, by welding, to a rear end portion
of'the center shaft 330 via a terminal spring 371 which allows
displacement in the forward-rearward direction within the
rear end sealing protection tube 345. A seal member 369
formed of, for example, rubber is fitted into a rear end small-
diameter portion 365 of the rear end sealing protection tube
345.

Next will be described a structure, among others, in which
the distortion member 350, which partially constitutes a sen-
sor for detection of pressure, and the pressure transmission
tube 360 are fixed together. The forward end of the pressure
transmission tube 360 is fixedly joined to a rear end portion of
the holding sleeve 315. The pressure transmission tube 360 is
provided in such a manner as to extend in the forward-rear-
ward direction in a gap between the center shaft 330 and the
housing body 341 while separating from the center shaft 330
and from the housing body 341. A rear end portion of the
pressure transmission tube 360 is disposed within the inter-
mediate housing 344, and the inner circumferential surface of
the distortion member 350 is joined to the outer circumferen-
tial surface of the rear end portion of the pressure transmis-
sion tube 360.

The distortion member 350 is disposed at the rear end of the
intermediate housing body 344 in such a manner as to block,
with respect to the forward-rearward direction, an annular
space between the inside of a rear end portion of the interme-
diate housing 344 and the outer circumferential portion of a
rear end portion of the pressure transmission tube 360, and
has an annular form (cylindrical form) as a whole. The dis-
tortion member 350 is provided so as to be deformed simul-
taneously with reception, by the pressure transmission tube
360, of a forward-rearward movement of the ceramic heater
410. Specifically, the distortion member 350 has an annular
thick portion 352q at its outer circumference; the annular
thick portion 3524 is fitted, in a butting condition, to the rear
end of the intermediate housing 344 and to the forward end of
the sealing protection tube (rear end housing) 345 located
rearward of the intermediate housing 344 while being sand-
wiched between the rear end and the forward end; and each of
the butt portions is fixed through laser welding performed
along the circumferential direction from outside.

Meanwhile, the distortion member 350 has an outer tubular
portion 352 extending rearward (upward in FIG. 2) at the
inside of the annular thick portion 352a formed at the outer
circumference, and an annular membrane portion (annular
diaphragm portion) 355 located at the inside of the rear end of
the outer tubular portion 352. The distortion member 350
further has an inner tubular portion 351 extending forward at
the inside (on a side toward the inner circumference) of the
annular membrane portion 355. The inner tubular portion 351
extends forward beyond the position of the annular thick
portion 352a formed at the outer circumference.

Furthermore, an appropriate number of strain sensors (cor-
responding to a pressure sensor appearing in claims) 320 are
attached to, for example, a rearward-oriented surface of the
annular membrane portion (annular diaphragm portion) 355
of the distortion member 350, and the strain sensors 320
detect, viaadevice including an unillustrated circuit, strain on
the basis of deformation of the distortion member 350 which
is deformed upon reception of a forward-rearward movement
of the pressure transmission tube 360, and output an electric
signal according to the detected strain through unillustrated
output lead-out electric wires. Thus, the glow plug 301 of the
present embodiment is configured as follows: the heater 410
and the pressure transmission tube 360 unitarily move for-
ward or rearward in the direction of the axial line G in
response to combustion pressure and thereby deform the dis-
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tortion member 350, and combustion pressure is detected
from the deformation of the distortion member 350 by use of
the strain sensors 320.

Next will be described the ceramic heater 410 and the metal
elastic membrane (membrane) 418, which are essential mem-
bers of the present invention.

FIG. 5 is an enlarged view of region D of a forward end
portion of the glow plug 301 shown in FIG. 4; however, for
convenience of description, the forward end housing 342 is
omitted.

Since the ceramic heater 410 is similar to the ceramic
heater 10 of the first embodiment, description thereof is omit-
ted or briefed.

Similar to the first embodiment, the ceramic heater 410 is
configured such that the resistance heat-generating element
412 formed of an electrically conductive ceramic of tungsten
carbide is disposed in a shape resembling the letter U in the
ceramic substrate 411 formed of silicon nitride. The resis-
tance heat-generating element 412 has a shape resembling the
letter U and has, sequentially from its forward end, a small-
diameter line portion 401 having a circular cross section of
0.5 mm in diameter, a pair of taper portions 402, and a pair of
large-diameter line portions 403 each having a circular cross
section (or an elliptic cross section) 0f 0.9 mm in diameter. As
shown in FIG. 4, the large-diameter line portions 403 have the
electrode lead-out portions 416 and 417, respectively, having,
for example, a circular columnar shape and formed in a pro-
truding manner.

The ceramic heater 410 is configured also such that its
forward end portion intensively generates heat at high tem-
perature; specifically, as shown in FIG. 5, a heat-generating
main portion P41 whose resistance (e.g., 300 mQ) is 75% of
the total resistance (e.g., 400 m<2) of the ceramic heater 410
is intensively disposed at a forward end portion of the ceramic
heater 410 (e.g., when the entire ceramic heater 410 is divided
into three equal portions from its forward end, the heat-gen-
erating main portion P41 is disposed within the forwardmost
portion among the three portions). As a result, the heat-gen-
erating main portion P14 can be positioned forward of the
forward end of the holding sleeve 315. Thus, a forward end
portion of the ceramic heater 410 can efficiently and inten-
sively generate heat at high temperature.

A specific method of disposing the heat-generating main
portion P41 intensively at a forward end portion is as follows:
as mentioned above, the resistance heat-generating element
412 is formed only of electrically conductive ceramic of
tungsten carbide, and the resistance heat-generating element
412 is provided with the small-diameter line portion 401
smaller in cross-sectional area than the large-diameter line
portions 403, whereby the resistance of a forward end portion
of the ceramic heater 10 is further increased.

Furthermore, a heat-generating sub portion P42 is provided
in such a manner as to be connected to the heat-generating
main portion P41. The heat-generating sub portion P42 is a
portion whose resistance plus resistance of the heat-generat-
ing main portion P41 is 80% (e.g., 320 m&2) of the total
resistance of the ceramic heater 410. That is, the heat-gener-
ating portion P2 is a portion whose resistance is 5% of the
total resistance of the ceramic heater 410. A rear portion of the
heat-generating sub portion P42 is disposed in the interior of
the holding sleeve 315.

As shown in FIG. 5, the axial length of the heat-generating
sub portion P42 is rendered longer than the axial length of the
heat-generating main portion P41. In the present embodi-
ment, the axial length of the heat-generating main portion P41
is 7.5 mm, and the axial length of the heat-generating sub
portion P42 is 12.5 mm. By means of the axial length of the
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heat-generating sub portion P42 being longer than the axial
length of the heat-generating main portion P41, in the course
of rearward propagation of heat from the heat-generating
main portion P41 via the heat-generating sub portion P42,
heat can be further radiated from the ceramic heater 410 to an
engine head and to a plug hole. As a result, a portion of the
ceramic heater 410 located rearward of the heat-generating
sub portion P42 can have relatively low temperature.

Furthermore, as mentioned above, the holding sleeve 315
is externally press-fitted to an intermediate portion of the
ceramic heater 410, and the metal elastic membrane (mem-
brane) 418 is welded to the holding sleeve 315. Incidentally,
since the metal elastic membrane 418 is, for example, a thin
sheet having a thickness of 0.3 mm, the quantity of heat
transferred through the metal elastic membrane 418 is rela-
tively small. Thus, the heat transfer path which extends from
the ceramic heater 410, via the metal elastic membrane 418,
to the housing 340 and then to the engine head is extremely
limited in heat transfer as compared with a glow plug having
a conventional structure, potentially resulting in adverse
effect on joining strength at a joint part 510. By contrast, in the
present embodiment, the joint part 510 between the holding
sleeve 315 and the metal elastic membrane 418 is located
rearward of the heat-generating sub portion P42. Thus, the
influence of heat on the joint part 510 between the holding
sleeve 315 and the metal elastic membrane 418 can be
reduced, whereby deterioration in joining strength at the joint
part 510 can be restrained. As a result, there can be restrained
damage to the ability to function as a pressure sensor resulting
from deterioration in airtightness with respect to combustion
gas.

Also, in the present embodiment, the joint part 510 is
positioned in the interior of the housing 340 (see FIG. 1). In
this manner, while the heat-generating main portion P31 is
disposed forward of the holding sleeve 315, the joint part 510
is positioned in the interior of the housing 340, whereby the
longitudinal distance between the heat-generating main por-
tion P41 and the joint part 510 is increased, and the metallic
shell surrounds a portion of the ceramic heater located
between the heat-generating main portion and the joint part;
thus, heat propagating rearward from the heat-generating
main portion P41 can be further radiated from the ceramic
heater 10 to the engine head and the plug hole in the course of
propagation to the joint part 510. Thus, the influence of heat
on the joint part 510 between the holding sleeve 315 and the
metal elastic membrane 418 can be further reduced, whereby
deterioration in joining strength can be further restrained. As
a result, there can be restrained damage to the ability to
function as a pressure sensor resulting from deterioration in
airtightness with respect to combustion gas.

Furthermore, in the present embodiment, silicon nitride
used to form the ceramic substrate 411 has a thermal conduc-
tivity of 17 W/m®° C. at 1,350° C., and tungsten carbide used
to form the resistance heat-generating element 412 has a
thermal conductivity of 22.5 W/m® C. at 1,350° C. In this
manner, if the ceramic substrate 411 or the resistance heat-
generating element 412 has a thermal conductivity of 15
W/m° C. or more at 1,350° C., there is relatively facilitated
propagation of heat from the heat-generating main portion
P41 of the ceramic heater 410 to a rear portion where the joint
part 510 is provided. In this connection, in the present
embodiment, a distance T41 from the forward end of the
heat-generating main portion P41 (i.e., the forward end of the
ceramic heater 410) to the joint part 510 is 24 mm. Since the
axial distance from the forward end of the heat-generating
main portion P41 to the joint part 510 is 24 mm or more, the
heat-generating sub portion P42 can have a relatively long
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axial length. Therefore, heat propagating rearward from the
heat-generating main portion P41 can be effectively radiated
to the engine head and the plug hole in the course of propa-
gation via the heat-generating sub portion P42. As aresult, the
joint part 510 located rearward of the heat-generating sub
portion P42 of the ceramic heater 410 can be further reduced
in temperature, whereby deterioration in joining strength at
the joint part 510 can be further restrained. Notably, the
longer the axial distance from the forward end of the heat-
generating main portion P41 to the joint part 510, the more the
axial length of the heat-generating sub portion P42 can be
increased, whereby heat can be more effectively radiated;
however, when the axial distance from the forward end ofthe
heat-generating main portion P41 to the joint part 510
exceeds 40 mm, the temperature raising performance drops;
therefore, an axial distance of 40 mm or less is preferred.

Next, a glow plug equipped with a pressure sensor accord-
ing to a third embodiment of the present invention will next be
described with reference to FIG. 6. A glow plug 701 of the
third embodiment differs from the glow plug 101 of the first
embodiment only in the configuration of the ceramic heater;
thus, in the following description, parts related to the ceramic
heater are described in detail, and descriptions of other parts
are briefed or omitted. In the following description, parts
similar to those of the glow plug 101 of the first embodiment
are denoted by like reference numerals.

As shown in FIG. 6, different from the ceramic heater 10 of
the first embodiment, a ceramic heater 710 is configured such
that a resistance heat-generating element 712 is disposed in a
shape resembling the letter U in a forward end portion of a
ceramic substrate 711 formed of silicon nitride and extends
toward the rear side of the substrate 711. The resistance
heat-generating element 712 has a shape resembling the letter
U and is composed of a forward end portion 701 which
includes a fold at the forward end (lower end in FIG. 3)
corresponding to a bottom portion of the letter U, and two lead
portions 703 connected to the forward end portion. The for-
ward end portion 701 has a substantially elliptic cross section,
and the percentage of the cross-sectional area (the total cross-
sectional area of the forward end portion 701) of the forward
end portion 701 to the cross-sectional area of the ceramic
heater 710 is 12%. The lead portions 703 each have a sub-
stantially circular cross section, and the percentage of the
total cross-sectional area of the lead portions 703 to the cross-
sectional area of the ceramic heater 710 is 18%. That is, the
cross-sectional area of the forward end portion 701 and the
cross-sectional area of the lead portions 703 are approxi-
mately equal to each other.

The forward end portion 701 is formed of nitride ceramic,
whereas the lead portions 703 are formed of tungsten. That is,
the specific resistance (20 pQcm) of the forward end portion
701 is rendered greater than the specific resistance (5 uf2cm)
of'the lead portions. Material for the ceramic substrate 711 is
not limited to silicon nitride; instead, alumina, sialon, etc.,
can be used. Also, material for the forward end portion 701 is
not limited to nitride ceramic; for example, any one of silicon
nitride ceramic, sialon, and aluminum nitride ceramic may be
used singly; alternatively, at least one of silicon nitride
ceramic, sialon, and aluminum nitride ceramic can be used as
a main component. Furthermore, material for the lead por-
tions 703 is not limited to tungsten; instead, a metal (e.g.,
tantalum) can be used.

In consideration of disposing a forward end portion of the
ceramic heater 710 in a combustion chamber of an engine for
heating the combustion chamber, the ceramic heater 710 is
configured such that its forward end portion intensively gen-
erates heat at high temperature. Specifically, as shown in FIG.
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6, a heat-generating main portion P71 whose resistance (e.g.,
300 mQ) is 75% of the total resistance (e.g., 400 mQ) of the
ceramic heater 710 is intensively disposed at a forward end
portion of the ceramic heater 710 (e.g., when the entire
ceramic heater 710 is divided into three equal portions from
its forward end, the heat-generating main portion 7P1 is dis-
posed within the forwardmost portion among the three por-
tions). As a result, the heat-generating main portion P71 can
be positioned forward of the forward end of the holding sleeve
15. Thus, a forward end portion of the ceramic heater 710 can
efficiently and intensively generate heat at high temperature.

A specific method of disposing the heat-generating main
portion P71 intensively at a forward end portion is as follows:
as mentioned above, the cross-sectional area of the forward
end portion 701 and the cross-sectional area of the lead por-
tions 703 are rendered approximately equal to each other, and
the lead portions 703 are rendered greater in specific resis-
tance than the forward end portion 701, whereby the resis-
tance of a forward end portion of the ceramic heater 710 is
further increased.

Furthermore, a heat-generating sub portion P72 is provided
in such a manner as to be connected to the heat-generating
main portion P71. The heat-generating sub portion P72 is a
portion whose resistance plus resistance of the heat-generat-
ing main portion P71 is 80% (e.g., 320 m&2) of the total
resistance of the ceramic heater 10. That is, the heat-generat-
ing portion P72 is a portion whose resistance is 5% of the total
resistance of the ceramic heater 710. By means of provision of
the lead portions 703 in the resistance heat-generating ele-
ment 712 as mentioned above, the heat-generating sub por-
tion P72 can be a portion whose resistance is 5% of the total
resistance of the ceramic heater 710. A rear portion of the
heat-generating sub portion P72 is disposed in the interior of
the holding sleeve 15.

As shown in FIG. 6, the axial length of the heat-generating
sub portion P72 is rendered longer than the axial length of the
heat-generating main portion P71. In the present embodi-
ment, the axial length of the heat-generating main portion P71
is 7.5 mm, and the axial length of the heat-generating sub
portion P72 is 12.5 mm. By means of the axial length of the
heat-generating sub portion P72 being longer than the axial
length of the heat-generating main portion P71, in the course
of rearward propagation of heat from the heat-generating
main portion P71 via the heat-generating sub portion P72,
heat can be further radiated from the ceramic heater 710 to an
engine head and to a plug hole. As a result, a portion of the
ceramic heater 10 located rearward of the heat-generating sub
portion P72 can have relatively low temperature.

Furthermore, as mentioned above, the holding sleeve 15 is
externally press-fitted to an intermediate portion of the
ceramic heater 710, and the bellows 18 made of metal is
welded to the holding sleeve 15. Incidentally, since the bel-
lows 18 is of, for example, a membrane having a thickness of
0.07 mm, the quantity of heat transferred through the bellows
18 is relatively small. Thus, the heat transfer path which
extends from the ceramic heater 710, via the bellows 18, to the
forward end housing 50 and then to the engine head is
extremely limited in heat transfer as compared with a glow
plug having a conventional structure, potentially resulting in
adverse effect on joining strength at a joint part 110. By
contrast, in the present embodiment, the joint part 110
between the holding sleeve 15 and the bellows 18 is located
toward the rear end of the ceramic heater 710. Thus, the
influence of heat on the joint part 110 between the holding
sleeve 15 and the bellows 18 can be reduced, whereby dete-
rioration in joining strength at the joint part 110 can be
restrained. As a result, there can be restrained damage to the
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ability to function as a pressure sensor resulting from dete-
rioration in airtightness with respect to combustion gas.

Also, in the present embodiment, the joint part 110 is
positioned in the interior of the housing 40 (see FIG. 1). In this
manner, while the heat-generating main portion P71 is dis-
posed forward of the holding sleeve 15, the joint part 110 is
positioned in the interior of the housing 40, whereby the
longitudinal distance between the heat-generating main por-
tion P71 and the joint part 110 is increased, and the metallic
shell surrounds a portion of the ceramic heater located
between the heat-generating main portion and the joint part;
thus, heat propagating rearward from the heat-generating
main portion P71 can be further radiated from the ceramic
heater 710 to the engine head and the plug hole in the course
of propagation to the joint part 110. Thus, the influence of
heat on the joint part 110 between the holding sleeve 15 and
the bellows 18 can be further reduced, whereby deterioration
in joining strength can be further restrained. As a result, there
can be restrained damage to the ability to function as a pres-
sure sensor resulting from deterioration in airtightness with
respect to combustion gas.

EXAMPLES

The temperatures of the joint parts 110 and 110a were
measured with respect to the glow plug 101 of an example
having the configuration described above in the section of the
first embodiment and a glow plug 101a of a comparative
example which differed from the glow plug 101 of the first
embodiment in the axial length of a heat-generating main
portion Pla and the axial length of a heat-generating sub
portion P2a as shown in FIG. 7. Similar to FIG. 3, FIG. 7
shows only a ceramic heater 110q, the holding sleeve 15, and
the bellows 18.

As mentioned above, in the glow plug 101 of the example,
the axial length of the heat-generating main portion P1 was
set to 7.5 mm, and the axial length of the heat-generating sub
portion P2 was setto 12.5 mm; furthermore, the axial distance
from the forward end of the ceramic heater 10 to the joint part
110 was set to 24 mm. In the glow plug 101a of the compara-
tive example, the axial length of the heat-generating main
portion Pla was set to 15 mm, and the axial length of the
heat-generating sub portion P2a was set to 5 mm; further-
more, the axial distance T1 from the forward end of the
ceramic heater 10a to the joint part 110a was set to 24 mm.
That is, the example and the comparative example had the
same position of the rear ends of the heat-generating sub
portions P2 and P2a and the same axial distance T1.

In the glow plug 10a of the comparative example, the axial
lengths of the heat-generating main portion P1a and the heat-
generating sub portion P24 can be changed from those of the
glow plug 10 of the example by changing material for the
electrically conductive ceramic and changing the cross-sec-
tional area of the electrically conductive ceramic. Material for
the electrically conductive ceramic may be changed by using
a single material or combining a plurality of materials.

Furthermore, the ceramic substrates 11 and 11a had a
diameter of 3.1 mm; the holding sleeves 15 and 154 had a
thickness of 0.45 mm; and the bellows 18 had a thickness of
0.07 mm.

The glow plugs 101 and 101a of the example and the
comparative example, respectively, were heated under elec-
tricity application control such that a temperature of 1,000° C.
was reached in two seconds, and subsequently, a temperature
01'1,350° C. was reached; two minutes later, the temperatures
of'the joint parts 110 and 110a were measured by means of a
thermocouple. As a result, the temperature of the joint part
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110 of the glow plug 101 of the example was 570° C., whereas
the temperature of the joint part 110a of the glow plug 101a of
the comparative example was 690° C. In this manner, by
means of the axial length of the heat-generating sub portion
P2 being longer than the axial length of the heat-generating
main portion P1, heat can be radiated to the engine head and
the plug hole through the heat-generating sub portion P2,
whereby temperature at the joint part 110 can be reduced.
Since the bellows 18 is formed of a heat resisting Ni alloy, it
is preferred to control the temperature of the weld 110 of the
bellows 18 to 600° C. or less at which deterioration in welding
strength of the bellows 18 does not arise; from this point of
view, also, the glow plug 101 of the example is found to be
preferred.

Next, the above-mentioned glow plug 101 of the first
embodiment was evaluated for joining strength of the weld
110 in the case where the axial distance from the forward end
of the ceramic heater 110 to the weld 110 was varied.

Specifically, there were prepared four glow plugs 101 in
which the axial distance from the forward end of the ceramic
heater 110 to the weld 110 was 20 mm, 22 mm, 24 mm, and
26 mm, respectively. In the glow plugs 101 of the example,
the heat-generating main portion P1 had an axial length of 7.5
mm; the heat-generating sub portion P2 had an axial length of
12.5 mm; the ceramic substrate 11 was formed of silicon
nitride; the resistance heat-generating element 12 was formed
of tungsten carbide; the holding sleeve 15 was formed of
SUS316; and the bellows 18 was formed of a heat resisting Ni
alloy.

Furthermore, the ceramic substrate 11 had a diameter of
3.1 mm; the holding sleeve 15 had a thickness of 0.45 mm;
and the bellows 18 had a thickness of 0.07 mm.

The four glow plugs 101 were placed in an atmosphere
having a temperature of 450° C.; while the element forward-
end temperature was held at 1,350° C. (maximum tempera-
ture of the heat-generating main portion P1), the ceramic
heater 110 was vibrated in the vertical direction of FIG. 3; and
the number of vibration cycles up to rupture of the bellows 18
was measured. One vibration cycle consists of application of
a pressure of 300 N (21 MPa) to the forward end of the
ceramic heater 110 and subsequent release of the pressure.

As aresult, in the glow plug 100 in which the axial distance
from the forward end of the ceramic heater 110 to the weld
110 was 20 mm, rupture occurred at 2x107 cycles; in the glow
plug 100 in which the axial distance was 22 mm, rupture
occurred at 3x107 cycles; and in the glow plug 100 in which
the axial distance was 24 mm, rupture occurred at 2x10%
cycles. In the glow plug 100 in which the axial distance was
26 mm, the bellows 18 did not rupture even after vibration
was applied at 1x10° cycles. In this manner, by means of the
axial distance from the forward end of the ceramic heater 110
to the weld 110 being 24 mm or more, deterioration in joining
strength at the joint part 110 can be further restrained.

The present invention is not limited to the embodiments
described above, but may be embodied in appropriately
modified forms. For example, in the first embodiment
described above, the distortion member has a shape or struc-
ture such that, in a longitudinal section, a radial one side is
folded at the rear side; however, no particular limitation is
imposed on the distortion member so long as the distortion
member deforms according to a forward-rearward movement
of the heater generated by the heater being pressed rearward
at its forward end by combustion pressure, and the sensor can
detect the combustion pressure from the deformation; there-
fore, there may be employed an appropriate shape or structure
such as a mere diaphragm (membrane) in the form of an
annular plate. Also, in the first and second embodiments
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described above, a strain gauge is used as a sensor; however,
there may be used various sensors (sensor elements), such as
a semiconductor strain gauge in the form of a semiconductor
equipped with a piezoresistor, and a piezoelectric element.
Furthermore, in the first and second embodiments described
above, the distortion member is disposed between the rear
end of the housing body and a portion of the center shaft
located toward the rear end of the center shaft; however, the
distortion member may be provided between the housing and
the center shaft at their intermediate portions with respect to
the forward-rearward direction. According to description of
the glow plug of the first embodiment, a rear end portion of
the bellows is welded, in a sealing condition, to the inner
circumferential surface of a forward end portion of the for-
ward end housing; however, a rear end portion of the bellows
is nipped, followed by welding, in a joint between the rear end
of'the forward end housing and the forward end of the housing
body (between the butt ends).

DESCRIPTION OF REFERENCE NUMERALS

101, 301, 701: glow plug

10, 410, 710: ceramic heater

11 411, 711: ceramic substrate

12, 412, 712: resistance heat-generating element
15, 315: holding sleeve

18: bellows

210, 350: distortion member

220, 320: strain sensor

30, 330: center shaft

40, 340: housing

418: metal elastic membrane (membrane)
P1, P41, P71: heat-generating main portion
P2, P42, P72: heat-generating sub portion
110, 510: joint part

The invention claimed is:

1. A glow plug equipped with a pressure sensor compris-

ing:

a ceramic heater extending in an axial direction and having
a columnar substrate formed of electrically insulating
ceramic, a resistance heat-generating element integrated
with the substrate and performing resistance heat gen-
eration through application of electricity thereto, and an
electrode lead-out portion electrically connected to the
resistance heat-generating element and formed at a rear
end portion of the resistance heat-generating element in
such a manner as to be exposed at an outer surface of the
substrate;

a holding sleeve made of metal, connected directly or indi-
rectly to the electrode lead-out portion, and holding the
ceramic heater while allowing a forward portion of the
ceramic heater to protrude therefrom;

a housing having a tubular form and accommodating
therein the ceramic heater and the holding sleeve;

a movable member formed of a metal sheet, joined to the
holding sleeve and the housing to airtightly separate a
forward side and a rear side thereof, and being elastically
deformable in response to combustion pressure; and

a pressure sensor disposed rearward of the ceramic heater,
the holding sleeve, and the movable member and in the
interior of the housing and adapted to detect pressure
applied thereto;

the glow plug being characterized in that a heat-generating
main portion is located forward of the holding sleeve,
where the heat-generating main portion is a forward end
portion of the ceramic heater which encompasses a for-
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ward end of the ceramic heater and whose resistance
accounts for 75% of a total resistance of the ceramic
heater;

the heat-generating main portion is shorter in axial length

than a heat-generating sub portion, where the heat-gen-
erating sub portion is a portion of the ceramic heater
extending further rearward from a rear end of the heat-
generating main portion, and the sum of the resistance of
the heat-generating sub portion and the resistance of the
heat-generating main portion is 80% of the total resis-
tance; and

the joint part between the holding sleeve and the movable

member is located rearward of the heat-generating sub
portion.

2. The glow plug according to claim 1, wherein a joint part
between the holding sleeve and the movable member is
located in the interior of the housing.

3. The glow plug according to claim 1, wherein

the heat-generating resistor in the heat-generating main

portion has a specific resistance which is 90% to 110%
of that of the heat-generating resistor in a portion other
than the heat-generating main portion, and
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the heat-generating resistor in the heat-generating main
portion is smaller in cross-sectional area than the heat-
generating resistor in a portion other than the heat-gen-
erating main portion.

4. The glow plug according to claim 1, wherein

the cross-sectional area of the heat-generating resistor in
the heat-generating main portion is 90% to 110% of the
cross-sectional area of the heat-generating resistor in a
portion other than the heat-generating main portion, and

the heat-generating resistor in the heat-generating main
portion is greater in specific resistance than the heat-
generating resistor in a portion other than the heat-gen-
erating main portion.

5. The glow plug according to claim 1, wherein

the electrically insulating ceramic or the resistance heat-
generating element has a thermal conductivity of 15
W/m° C. or more at 1,350° C., and

an axially shortest distance from a forward end of the
heat-generating main portion to the joint part between
the holding sleeve and the movable member is 24 mm or
more.



